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Introduction:  Several current theories for the 

origin of life invoke abiotic synthesis in hydrothermal 

systems as the source of the prebiotic organic 

compounds from which life emerged [e.g., 1, 2].  

Abiotic synthesis within a hydrothermal system has 

also been identified as a possible source of reduced 

carbon found in rocks from the early Earth [3, 4].   

Interpretation of the role of abiotic organic synthesis in 

these and other astrobiology- related processes requires 

a detailed knowledge of the products of synthesis 

reactions, yet knowledge of the characteristics of 

abiotic synthesis under hydrothermal conditions 

remains rudimentary [5]. 

In order to place additional constraints on the 

potential contribution of abiotic organic synthesis in 

hydrothermal environments, laboratory experiments 

were conducted to examine the impact of carbon 

source on the product distribution and isotopic 

composition of hydrocarbons synthesized under 

hydrothermal conditions. A series of experiments were 

conducted using CO2, CO, HCOOH, or CH4 as the 

carbon source, and the products analyzed for their 

chemical and carbon isotopic composition. 

Experimental:  The experiments were conducted 

in a closed-system, flexible-cell hydrothermal 

apparatus using methods previously described [6].  The 

experimental charge consisted of the carbon source, 

native Fe powder, and water acidified to pH ~2.5 with 

HCl.  The Fe powder served both as a source of H2 

through reaction with water and as a potential catalyst 

for synthesis reactions.  Experiments were heated to 

250ºC at 17 MPa, and samples removed periodically 

for analysis.   

Results:  Experiments conducted with CO or 

HCOOH as the carbon source resulted in rapid 

production of hydrocarbons.  The products closely 

resembled typical products of Fischer-Tropsch-type 

organic synthesis, including a predominance of 

straight-chain alkanes and a regular decrease in 

abundance with increasing carbon number.  In contrast, 

experiments conducted with CO2 or CH4 as the carbon 

source produced no detectable hydrocarbon products. 

The hydrocarbon products of both the CO and 

HCOOH experiments were substantially depleted in 
13C relative to the carbon source, with methane 

depleted by –30‰ to –34‰ relative to the carbon source.  

The light hydrocarbons exhibited similar trends in both 

CO and HCOOH experiments, with ethane less 

depleted in 13C than methane, and higher hydrocarbons 

becoming progressively more depleted, converging 

towards the value of methane (Fig. 1).  Curiously, 

however, the isotopic composition of heavier 

hydrocarbons diverged, with the CO products 

becoming progressively lighter with increasing carbon 

number while those in the HCOOH experiments 

remained constant with carbon number. 

 

Figure 1.  Isotopic composition of light hydrocarbon 

reaction products.  Open symbols are experiments with CO 

as carbon source, while closed symbols start with HCOOH as 

the carbon source.  Closed triangles taken from ref. 6. 

 

The isotopic trends are consistent with a model 

whereby attachment and initial reduction of the carbon 

source on the surface of the mineral catalyst imparts a 

large fractionation of around –30‰, and initiation of 

hydrocarbon chain growth by formation of the first C-C bond 

results in a fractionation of +6‰ to +8‰.  Attachment of 

additional carbons to the growing hydrocarbon chain then 

appears to involve little or no further fractionation, so that 

the isotopic composition of higher hydrocarbons converges 

towards that of methane. 

Implications for natural systems:  The 

experimental results indicate that CO and HCOOH 

may be more or less equally effective substrates for 

abiotic synthesis in hydrothermal environments.  
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Conversely, CO2 does not appear to be an effective 

substrate for synthesis, suggesting it must first be 

converted to CO or HCOOH before synthesis can 

proceed.  In most hydrothermal environments, CO2 is 

the predominant form of carbon, with levels of CO and 

HCOOH maintained at low levels by thermodynamic 

factors.  As a consequence, the conversion of CO2 to 

CO or HCOOH may represent a bottleneck for organic 

synthesis in some hydrothermal environments.  
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